Background and Purpose-The metabolic syndrome (MetS) might confer a higher resistance to intravenous thrombolysis in acute middle cerebral artery (MCA) ischemic stroke. MetS increases the risk of stroke in women to a greater extent than in men. We aimed to investigate whether there might be sex differences in the impact of MetS on the response to intravenous thrombolysis for acute MCA ischemic stroke. Methods-We prospectively studied consecutive ischemic stroke patients, treated with intravenous tissue-type plasminogen activator according to SITS-MOST criteria, with an MCA occlusion on prebolus transcranial Doppler examination.
T he metabolic syndrome (MetS) is a cluster of vascular risk factors that share insulin resistance as a common underlying pathophysiologic mechanism. Its components are central obesity, high blood pressure (BP), hyperglycemia, and atherogenic dyslipidemia. 1 The MetS has been shown to be associated with an increased risk for cardiovascular disease and ischemic stroke. 2, 3 Recent epidemiologic studies have highlighted its increasing prevalence worldwide, which is as high as 40% in people age Ͼ20 years, 4 with Ͼ47 million people affected in the United States alone. 5 MetS is characterized by defective endogenous fibrinolysis with an enhancement of fibrinolysis inhibitors like plasminogen activator inhibitor-1, 6, 7 which may contribute to the increased risk of thromboembolic events, including ischemic stroke, in MetS patients. In addition, as suggested by our previous studies, 8 this impairment in endogenous fibrinolysis might worsen the response to thrombolytic therapy in acute ischemic stroke and lead to a higher resistance to clot lysis after tissue-type plasminogen activator (t-PA) administration.
The impact of MetS on global cardiovascular risk, ischemic stroke risk, development of carotid atheromatosis, and other vascular effects seems to be higher in women than in men. 2, 9 A recent population-based, prospective study has confirmed this observation. 5 However, whether the effect of MetS on the effectiveness of thrombolytic therapy for acute ischemic stroke is influenced by sex remains unknown. Therefore, we conducted a prospective study to investigate whether the impact of MetS on the resistance to thrombolysis for acute ischemic stroke varies between men and women.
Patients and Methods

Patient Selection
We studied consecutive patients with an acute ischemic stroke affecting the middle cerebral artery (MCA) territory who were treated with intravenous t-PA according to SITS-MOST criteria 10 at a standard 0.9 mg/kg dose within the first 3 hours from stroke onset. All t-PA-treated patients were prospectively recorded in a database that contained all of the variables that were used in this study. Of a total of 184 consecutive stroke patients admitted to our Stroke Unit and treated with intravenous t-PA between August 2003 and June 2007, 129 showed MCA occlusion on prebolus transcranial Doppler (TCD) examination. Complete data for MetS diagnosis could be determined in the 125 patients who were finally included in this study. Besides t-PA, 8 patients received NXY-059 or placebo within the SAINT I and SAINT II clinical trials, and 15 were treated with citicoline versus placebo within the ICTUS trial. No other investigational drugs were used. The study protocol was approved by the local ethics committee, and informed consent was obtained from all patients or their relatives.
Clinical Assessment
All patients were admitted to a Stroke Unit. Baseline examinations included a medical history, physical examination, routine blood biochemistry and blood count, ECG, chest x-ray, urgent cervical ultrasound and TCD examinations, and noncontrast brain computed tomography (CT). Carotid ultrasound imaging was obtained with a General Electric Vivid 7 Pro (GE Vingamed Ultrasound) device, equipped with multifrequency transducers. Prebolus systolic and diastolic BP values, temperature, and glycemia were determined on admission. Neurologic examinations were performed on admission, every 15 minutes during t-PA infusion, and at 2, 6, and 24 hours after stroke onset.
Stroke severity was assessed with the National Institutes of Health Stroke Scale (NIHSS). Cerebral CT scans were performed immediately before t-PA bolus and repeated after 24 to 36 hours, or earlier when neurologic deterioration occurred. Early CT signs of infarction were evaluated on the admission CT by neuroradiologists with extensive expertise in acute stroke imaging who were blinded to the clinical and TCD data.
A detailed history on vascular risk factors (age, sex, cigarette smoking, hypertension, diabetes, and hypercholesterolemia), diagnosed coronary heart disease, and intermittent claudication was obtained from each patient. To identify stroke etiology, additional diagnostic procedures such as special coagulation tests, immunologic study, echocardiography, and ECG-Holter were performed when indicated. Patients were classified according to modified Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria into different stroke subtypes. 11 Clinical long-term outcome was evaluated 3 months after stroke onset by the modified Rankin Scale (mRS). An mRS score Ͼ2 was considered indicative of poor outcome.
Diagnosis of MetS
The MetS was diagnosed according to the criteria established by the American Heart Association and National Heart, Lung, and Blood Institute in 2005. 1 As a modification of the original diagnostic criteria, central obesity was defined as a body mass index (BMI) Ͼ25 kg/m 2 . Patients were considered to have the MetS when 3 or more criteria were met. Fasting blood levels of glucose, HDL cholesterol, and triglycerides were measured with standardized methods in blood samples obtained 48 to 72 hours after admission, once adequate nutrition for the patients had been started.
TCD Assessment of Resistance to Clot Lysis
A standard TCD examination was performed in the Stroke Unit immediately before t-PA administration to detect the presence of an MCA occlusion. We used portable TCD units (Four View, Rimed and Doppler Box, DWL) equipped with 2-MHz pulsed-wave diagnostic transducers. All TCD examinations were performed by neurologists with expertise in acute stroke TCD monitoring who were involved in this study. The MCA was explored through the temporal acoustic window at an insonation depth between 40 and 65 mm. MCA occlusions were defined according to the Thrombolysis in Brain Ischemia (TIBI) grading system. 12 The presence of flow signals corresponding to TIBI grades 0 (absent), 1 (minimal), 2 (blunted), or 3 (dampened) was considered indicative of arterial occlusion. A control TCD examination was performed by the same neurosonologist 24 hours after t-PA bolus to assess the evolution of vessel status. A single bolus of echocontrast agent (Sonovue) was administered at each time point if the patient had an inadequate acoustic window. Complete arterial recanalization was diagnosed when the end-diastolic flow velocity improved to normal or elevated values were obtained (TIBI grade 4 or 5). Resistance to clot lysis was defined by the absence of complete arterial recanalization at 24 hours.
Statistical Analysis
Statistical analyses were performed with the SPSS statistical package (version 12.0; SPSS Inc, Chicago, Ill). Statistical significance for intergroup differences was assessed by the 2 test for categorical variables and the Student t test and Mann-Whitney U test for continuous variables. All continuous variables except NIHSS score and glycemia were normally distributed. Resistance to clot lysis was considered the primary outcome variable, whereas long-term clinical outcome was considered a secondary end point. Multivariableadjusted logistic-regression models were applied to study the relation between MetS, resistance to thrombolysis, and poor clinical outcome. To evaluate whether the effect of MetS on the primary outcome variable differed between men and women, the interaction term MetSϫsex was included in the regression analysis. For all regression models, adjustment was done by age and all variables with a PϽ0.05 on the respective bivariate analyses. Results of regression analyses are expressed as odds ratios (ORs) and their corresponding CIs. A probability value Ͻ0.05 was considered significant.
Results
Descriptive Analysis
We studied 125 consecutive acute ischemic stroke patients with a documented MCA occlusion treated with intravenous t-PA. Of these, 75 were men and 50 were women. Among women, 48 (96%) were postmenopausal. MetS was diagnosed in 76 (61%) patients. Table 1 shows the distribution of baseline variables across the 2 sexes. Compared with women, men were younger, were more frequently smokers, and had lower BMI and HDL cholesterol values. With respect to stroke etiology, there was a predominance of cardioembolic strokes among women. No significant differences were observed in other relevant baseline variables, such as initial stroke severity, time from onset to treatment, admission glycemia, presence of early infarct CT signs, or MetS severity as defined by the number of criteria that were met.
Predictors of Resistance to Thrombolysis: Sex Interaction
Resistance to clot lysis was observed in 53 (42%) patients. The following variables were found to be associated with resistance to thrombolysis in bivariate analysis, as shown in Table 2 : diabetes, MetS, atherothrombotic origin, higher admission diastolic BP, and higher admission glycemia. A multivariable logistic-regression model identified MetS as independently associated with resistance to thrombolysis (ORϭ9.8; 95% CI, 3.5 to 27.8; Pϭ0.0001), after adjustment for age, stroke etiology (atherothrombotic stroke vs other subtypes), history of diabetes, admission diastolic BP, and prebolus glycemia. Among MetS individual components, central obesity, high fasting glycemia, and hypertriglyceridemia were related to a higher likelihood of resistance to clot dissolution in the univariate analysis. The association between MetS and resistance to thrombolysis also remained significant after adjustment for MetS subcomponents (ORϭ81.8; 95% CI, 9.8 to 682.4; PϽ0.00001).
To test whether the effect of MetS on resistance to thrombolysis varied between men and women, the term MetSϫsex was introduced in the regression model. After multivariable adjustment, an interaction was found between MetS and sex (P for interactionϭ0.0004). Accordingly, the MetS was associated with a significantly higher adjusted odds of resistance to thrombolysis in women (ORϭ17.5; 95% CI, 1.9 to 163.1) than in men (ORϭ5.1; 95% CI, 1.6 to 15.6). The magnitude of this differential effect of MetS across sexes is illustrated in the Figure. Finally, we analyzed the relative contribution of MetS components in both sexes separately. As shown in Table 3 , obesity showed the strongest impact on the resistance to thrombolysis in women, whereas blood glucose ranked first in men. Whereas the association between hyperglycemia and resistance to lysis was observed in both sexes, hypertriglyceridemia appeared to be relevant only in men.
Predictors of Poor Outcome
Three months after stroke onset, 62 (49%) patients had an mRS score Ͼ2. Among baseline variables, bivariate analysis identified older age (Pϭ0.008), MetS (Pϭ0.007), higher baseline NIHSS score (Pϭ0.0004), admission glycemia (Pϭ0.0003), proximal MCA occlusion (Pϭ0.01), and the presence of early infarction CT signs (Pϭ0.04) as significantly associated with long-term poor clinical outcome. MetS appeared as significantly associated with poor clinical outcome when a logistic-regression model was applied (ORϭ2.8; 95% CI, 1.3 to 5.9; Pϭ0.007). After adjustment for those variables with a PϽ0.05 on bivariate analysis, MetS remained an independent predictor of poor outcome (adjusted ORϭ2.7; 95% CI, 1.1 to 6.9; Pϭ0.04). No significant sex differences were found regarding long-term outcome.
Discussion
This study demonstrates the existence of sex differences in the impact of MetS on the resistance to systemic thrombolysis for acute MCA ischemic stroke. Confirming the results of a previous study by our group, 8 we found that the MetS was independently associated with a higher resistance to clot lysis after t-PA therapy, this time in a substantially larger series of patients. This finding could be explained by a derangement of the endogenous fibrinolytic system 6,13 related to insulin resistance, a key feature of MetS, as suggested by previous work in this field. 7, 8 Nevertheless, the main novelty of the present study is that the effect of MetS in hampering the arterial recanalization process appeared to be more pronounced in women than in men. Moreover, MetS emerged as an independent predictor of poor long-term outcome in patients with acute MCA stroke treated with intravenous t-PA. Future research should clarify whether this association between MetS and poor outcome is explained only by 
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MetS-related resistance to lysis or whether there are other factors involved, such as early stroke recurrence or reocclusion. Several studies have provided evidence that women have worse outcomes than men after ischemic stroke. 14, 15 Whether women have a different clinical response to intravenous t-PA than men remains a controversial issue. A meta-analysis of 3 thrombolytic trials showed that women may benefit more from thrombolysis for acute stroke than men. 16 In contrast, a secondary analysis of the Glycine Antagonist in Neuroprotection (GAIN) clinical trial found that men were 3 times as likely to achieve functional independence as women. 17 Regarding the likelihood of arterial recanalization, there is insufficient evidence of a differential response to thrombolysis by sex. Although some studies suggested that arterial occlusions may recanalize more frequently in women after intravenous t-PA, 18 there is no published evidence of differential early recanalization by sex in clinical trials of intra-arterial thrombolysis. 19 In our study, neither stroke outcome nor recanalization rate differed between men and women. In this context, our main results may provide an additional explanation for the well-documented sex differences in stroke outcome and for the suggested lack of therapeutic benefit of t-PA in women. The MetS, which is highly prevalent among acute stroke patients, appears to have a more profound effect on the resistance to thrombolysis in postmenopausal women than in men. Moreover, this MetSϫsex interaction remained significant after adjustment for all relevant baseline variables. Indeed, this effect was sustained despite a higher proportion of cardioembolic stroke in women, which has been associated with better recanalization rates. 20 The reasons for this sex difference in the impact of MetS on the response to t-PA therapy remain speculative. First, insulin resistance, the underlying pathophysiologic mechanism of MetS, might be more pronounced in postmenopausal women with the MetS than in men. In this setting, pediatric studies have shown that girls are intrinsically more insulin resistant than boys, and this difference may reappear later in life, once the protection provided by estrogens is lost. 21 Second, insulin resistance might lead to a more intense impairment of the fibrinolytic system in women than in men. It has been shown that women with type 2 diabetes mellitus have higher plasma level of plasminogen activator inhibitor-1 and coagulation factor VII than their male counterparts, 22 and similar findings have been observed in subjects with coronary artery disease. 23 In addition, a greater degree of fibrinolytic derangement has been described in prediabetic women compared with men. 24 Finally, both mechanisms might interact synergistically. Clarification of the basic pathways responsible for this sex difference seems essential to improve the therapeutic efficacy of t-PA in both sexes. Future clinical and basic research should investigate the role of insulin resistance and defective fibrinolysis in determining a differential response to t-PA in women.
Our results are in agreement with a growing body of evidence demonstrating that the effect of MetS on vascular disease is more pronounced in women than in men. 2, 3, 5 The prognostic impact of MetS in terms of the associated risk of incident coronary events or ischemic stroke was almost invariably found to be greater in females. 25 Moreover, the MetS appeared to be a stronger risk factor for early carotid atherosclerosis in women than in men. 9 The origin of this sex differences has not been sufficiently explained. There is limited evidence supporting the presence of a genetic basis for this difference. The GENNID study, a genome-wide search for type 2 diabetes susceptibility genes, has identified several chromosomal regions linked to diabetes and impaired glucose tolerance, 1 of which was located on the X chromosome. 26 In addition, an influence of sex on several of the components of the MetS was reported from investigations among male and female twins. 27 This notion of a sex difference in the impact of the subcomponents of the MetS is also consistent with our results. In women, obesity showed the strongest impact on the resistance to thrombolysis, whereas blood glucose ranked first in men.
This study has several limitations. First, the sample size was small. Second, obesity was measured by BMI as an index of total body fat, rather than by waist circumference, which is a better indicator of abdominal fat. Third, 23 of our patients were enrolled in acute stroke clinical trials with neuroprotective drugs, although they were equally distributed among the study groups. Fourth, the definition of MetS used in the study included poststroke measurement of blood glucose, cholesterol, and triglycerides 72 to 96 hours after admission. Stress hyperglycemia occurs in a high proportion of acute stroke patients, and the effect of stroke on cholesterol is poorly investigated, so it is possible that the concentrations used for defining MetS in this study do not accurately reflect prestroke metabolic status. Moreover, whether the defined thresholds for MetS still hold after an acute event are unclear. Fifth, regarding predictive models, many variables were tested in bivariate analyses despite a fairly small number of end points, although adjustment by all potential confounders was adequately performed in the logistic-regression models. Finally, Results of logistic-regression analyses as ORs and (95% CIs). For each subcomponent, 3 different unadjusted logistic-regression analyses were performed: the first in men (left column), the second in women (middle column), and the third for the whole sample (right column).
environmental factors, such as socioeconomic background, degree of education, or quality of premorbid risk factor control, were not assessed in our study. Therefore, our results should be cautiously interpreted and replicated in a larger series of patients.
In conclusion, the MetS is associated with a higher resistance to intravenous t-PA for acute MCA ischemic stroke in women than in men. Sex differences in the MetS effect on cerebrovascular disease cannot be sufficiently explained by available data, thus warranting further research on this topic.
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